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Abstract Management of invasive alien plants in
arid areas is complicated by the cryptic and stochastic
nature of the invasion process, the low density of
researchers, extension officers and farmers in these
areas, the complex, delayed and sometimes, indirect,
effects of alien invasive plants on these ecosystems,
and by high and shifting values placed on goods and
services derived from invasive alien plant species.
Fluctuating vegetation cover together with conver-
gent adaptations for dispersal and facilitation enables
some desert aliens to invade intact vegetation.
Invasive plants in arid areas are not all arid-adapted:
the most problematic species globally are phreatic,
wetland or oasis specialists that can colonise remote
wetlands and springs through a combination of wind-
dispersed seeds and vegetative reproduction. Their
success is often linked to disturbance and facilitated
by agricultural activities including water extraction,
cropping and livestock management. Invasive alien
plants in arid region wetlands have an impact on
forage, water resources and biodiversity in these key
resource areas, that is disproportionately great rela-
tive to the area they occupy. Management of arid
region aliens could include pre-introduction biocon-
trol planning that makes it possible to use aliens
while reducing invasion risks. An alternative is to
replace the aliens with extralimital indigenous plants
that can supply the rangeland services perceived to be
absent from arid environments—but such interven-
tions may carry even greater risks.
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Introduction
About one-third of the Earth’s land surface is arid.
Arid ecosystems, including deserts and semi-deserts,
are characterised by low rainfall (\250 mm/annum)
or conditions where potential evaporation exceeds
mean annual rainfall as well as a high inter-annual
variability (Encyclopedia Britannica 2010). Winter-
rainfall deserts, such as those on the west coasts of
north and South America, Israel, Southern Africa,
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and Australia, have low, but seasonally predictable
precipitation (Cowling et al. 1998), whereas rainfall
of inland deserts is spatially and temporally more
unpredictable (Esler et al. 1999). Vegetation cover
(5–50%) and above ground primary production
(1–155 g/m2) are limited by availability of water
rather than energy, although variations between
habitats within arid areas may be greater than
variations between arid regions (Ludwig 1986). In
many arid environments, plant and animal diversity is
correlated spatially and temporally with productivity
and peaks years with above-average precipitation
(Whitford 2002; Dean 2004), and in such habitats as
drainage lines, pans and bottom lands, where more
moisture and water-transported nutrients collect
(Whitford 2002; Dean 2004, Hoffman et al. 1994).
Plant invasions are predicted by high propagule
pressure, appropriate mutualists (Richardson and
Pysĕk 2006), combined with fluctuating resource
availability where adequate resources become avail-
able following disturbances that reduce competition
from native species (Alpert et al. 2000; Davis et al.
2000). At large spatial scales species richness of
invasive alien species is positively correlated with
native species richness, whereas at small spatial scales
the relationship is negative (Fridley et al. 2007). The
positive association at large scales may be attributed
to habitat heterogeneity, whereas the negative pattern
at small scales is though to result from competitive
interactions. For this reason the pattern may depend
on site productivity in that species-rich sites with low
cover of native vegetation may be unable to exclude
aliens (Davies et al. 2007). At landscape level riparian
corridors have high proportions of alien invasive
species (24–30% for systems in France and USA) and
the proportion of alien species was correlated with
native species richness, but at patch scale early
successional communities contained more alien spe-
cies (Planty-Tabacchi et al. 1996).
Riparian and other run-on habitats are key
resources for people and wildlife in arid areas
worldwide, because of their greater productivity.
Herbivore populations respond in a density dependent
way to forage in these productive sites during dry
periods (Illius and O’Connor 1999). Reduction in the
size or quality of key resource habitats will reduce the
capacity of the environment to maintain herbivore
populations, affecting the 100 million people who
depend on livestock grazing for their livelihoods in
arid areas (de Haan et al. 1996). High resource
availability, low intensities of competition, and
altered disturbance regimes are all thought to increase
invasiblity of habitats to alien species (Alpert et al.
2000). Although arid areas tend to have relatively few
alien species (Alpert et al. 2000; Nel et al. 2004;
Rouget et al. 2004), key resources areas within them
are characterised by high potential productivity
combined with disturbance by flash floods, water
extraction, clearing of alluvial terraces for crop
production, and intensive use of vegetation by
livestock, a combination expected to make these
habitats particularly vulnerable to invasion.
This review focuses on the special problems
associated with the management of invasive alien
plants in arid areas and the challenges involved in
finding solutions to these problems. Globally, man-
agement of invasive alien plants in arid areas is
complicated by the cryptic and stochastic nature of
the invasion process, the low density of research
facilities, agricultural extension officers and farmers
in arid areas, the complex, delayed and sometimes,
indirect, effects of alien invasive plants on these
ecosystems, and by high values placed on goods and
services derived from invasive alien plant species.
Although most of the examples used in this review
are South African, the issues relating to impacts
and management of invasive alien plants in arid
ecosystems apply worldwide (Table 1-supplementary
material).
Patterns and problems posed by plant invasion in
South African arid landscapes are similar to those on
other continents. All major plant life forms have
invaded arid ecosystems in South Africa (Henderson
2001). Herbaceous plants, including annual cereal
grasses such as Avena and Bromus and ephemerals
such as Mexican Poppy (Argemone ochroleuca) and
Russian thistle (Salsola kali), are usually in highly
disturbed habitats such as cultivated land and beds of
ephemeral rivers and can persist for many years in the
seed bank following cultivation. Xerophytic and arid
adapted plants such as succulents (Asphodelaceae,
Cactaceae, Mesembryanthemaceae) and saltbushes
(Atriplex species), have been widely exchanged
among deserts for use in horticulture and agriculture,
as have certain reeds (Arundo donax) and trees
tolerant of wet and dry cycles (Eucalyptus, Prosopis)
or saline water (Tamarix). The diversity of invasive
alien plants invading arid South Africa may be
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relatively low (Rouget et al. 2004), but includes most
of the species or genera that are globally recognised
for transforming ecosystems, invading key resource
areas and wetlands and having negative impacts on
biodiversity, water resources and local economies
(Fagg and Stewart 1994; van Klinken et al. 2006).
Special problems
This section covers problems caused by the cryptic
and stochastic nature of invasion in arid South Africa,
the low density of research facilities, agricultural
extension officers and farmers in these areas, the
complex, delayed and sometimes, indirect, effects of
alien invasive plants on these ecosystems, and by
high values placed on goods and services derived
from invasive alien plant species in this region.
Invasions go unnoticed
The early stages of invasions in arid areas often go
unnoticed until a species is so widespread and
common that its eradication is no longer feasible.
The early stages of invasion may go unreported simply
because research facilities, agricultural extension
officers and farmers are all at low densities in these
areas. Similarly, low human population density in arid
areas often results in low levels of state investment.
For example, the South African national weed control
programme, known as Working for Water, has
invested only 6% of its budget in control of woody
weeds in the Northern Cape Province, the largest but
most arid of the nine provinces (Marais et al. 2004).
Another reason that plant invasions go unnoticed in
arid areas is the close resemblance between arid-
adapted alien and indigenous species. For example, the
grey-stemmed succulent Tephrocactus articulatus
(Cactaceae) from South America, that invades the
South African Karoo, resembles Hoodia gordonii
(Apocynaceae) in size, colour, spinescence and habitat
choice. Moreover, introduced species may be closely
related to their indigenous counterparts. Mesquite trees
(Prosopis spp. from the Americas) resemble some
African Acacia spp.; Australian saltbush Atriplex
nummularia is very similar in appearance to its African
counterpart A. vestita, and Asian Tamarix ramosissima
resembles southern African T. usneoides except that
the latter is evergreen.
Invasive taxa may benefit from shared mutualists
including pollinators, seed dispersers, mycorrhizas
and ecosystem engineers (Richardson et al. 2000a)
that facilitate their invasion into native vegetation
that is relatively unaffected by anthropogenic distur-
bances. Fleshy-fruited Cactaceae (Echinopsis, Opuntia,
Cylindropuntia) dispersed by birds and mammals in
their native ranges, are dispersed by birds, primates
and elephants in Africa (Dean and Milton 2000;
Foxcroft and Rejmánek 2007) and tortoises in the
Galapagos (Kricher 2006). South American Schinus
molle and South African Rhus lancea are trees
(Anacardiaceae) that invade arid savanna and riparian
woodland in Southern Africa and the southern USA,
respectively, and have seeds dispersed to subcanopy
sites by frugivorous birds (Milton et al. 2007).
Neither requires any anthropogenic disturbance to
facilitate establishment in natural ecosystems (Iponga
et al. 2009). American Prosopis spp. and African
Acacia spp. are equally well adapted for dispersal by
African herbivores, but escape control by species-
specific endophagous seed predators outside their
home ranges (Moran et al. 1993).
Ephemeral rivers in arid regions have comparable
flooding regimes and flood-adapted flora. Australian
Atriplex nummularia and Asian Tamarix ramosissima
are as well adapted for dispersal in flooding rivers to
mud banks and flood plains as their indigenous
congeners in Africa. Many arid ecosystems include
animals that maintain shifting or stable small-scale
disturbances in the landscape. Examples include
burrowing rodents (Huntly and Reichman 1994),
and termites and ants (Steinschen et al. 1996).
Physically disturbed, nutrient-enriched patches in
arid ecosystems enable uncompetitive, short-lived
alien taxa to persist at low densities, until drought,
flash floods or large-scale anthropogenic disturbances
such as overgrazing, ploughing or mining, remove
dominant native perennials permitting alien plant
species with longlived seed-banks to dominate the
landscape (Moloney and Levin 1996; Fig. 1).
Lags and stochastic advances
Lags and stochastic recruitment in populations make
invasive behaviour difficult to predict and model.
Many of the species introduced to arid areas for
agriculture and agroforestry remained in cultivation
for many years before suddenly becoming invasive.
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The lag between introduction and invasion may have
been caused by poor environmental matches gradu-
ally improved by selective breeding and local natural
selection, or by hybridisation (Richardson et al.
2000b). For example, spineless varieties of Opuntia
ficus-indica were introduced to South Africa in the
1770s and widely planted for animal feed. The wild
spiny form, presumably originating from seeds and
avoided by livestock, became invasive a century later
(Annecke and Moran 1978). Similarly, Prosopis
glandulosa, P. juliflora and P. velutina were intro-
duced to South Africa during the late 1800s; large
scale invasions began some 60 years later and
involved mainly hybrids of P. glandulosa (Moran
et al. 1993) as did Prosopis invasions in arid
Australia (van Klinken et al. 2006).
Germination of indigenous plants of arid regions is
closely cued to rainfall events (Seely1990; Milton
1995), and seedling recruitment is a far rarer occur-
rence requiring multiple appropriately-spaced rainfall
events (Hoffman et al. 1995; Milton and Wiegand
2001). Recruitment in alien plants invading arid
environments may be similarly stochastic, and linked
to rare sequences of rainfall or major floods. For
example, between 1974 and 1991 a four-fold increase
in the range of Prosopis spp. occurred in the districts
of De Aar and Britstown probably in response to above
average rainfall years during this period (Hoffman
et al. 1995). Tamarix ramosissima and Atriplex
nummularia seedlings occasionally recruit in large
numbers following floods in dry river beds and dams
(pers. obs.).
Complex impacts on biodiversity
Impacts of invaders on plant and animal communities
in arid areas may be complex and include changes in
nutrient dynamics, structure, competitive and facili-
tative interactions among species, flammability,
hydrology, soil stability and possible changes to the
genetic make up of indigenous species.
The effects of replacement of low microphyllous
and evergreen phreatophytes in arid zone rivers by
tall, winter-deciduous invasive alien trees such as
Populus has not been documented in South Africa.
However, given that the invaders exclude most of the
Fig. 1 Small-scale natural disturbances facilitate persistence of
short-lived alien invasive species that maintain seedbanks in the
landscape, making rapid post-anthropogenic dominance of the
landscape possible. a Google Earth image showing termitaria
colonised by Atriplex lindleyi in the Karoo, b termites collecting
A. lindleyi seeds, c abandoned field dominated by A. lindleyi
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light from riverbeds during summer and increase
necromass in the water in autumn they are likely to
change aquatic nutrient cycles and food webs affect-
ing invertebrates, amphibians and fish as do tree
invasions in riparian areas in other southern African
ecosystems (Samways and Steytler 1996). The
Spanish reed Arundo donax is taller, faster growing
and more drought-tolerant than the indigenous reed
Phragmites communis and has been shown to
increase rates of nitrogen cycling in riverbeds
(Guthrie 2007). Salinization of top soils and riverbeds
are thought to be associated with Atriplex and
Tamarix invasions.
Alien trees can change vegetation structure by out-
competing indigenous trees for light (Iponga et al.
2008), and by out-competing native shrubs and
grasses for light or water (Harding and Bate 1991,
van Klinken et al. 2006). They also form stands that
are denser and less penetrable than those of indige-
nous trees or shrubs (van Klinken et al. 2006) and
therefore restrict access to animals, including large
insects (Steenkamp and Chown 1996). On the other
hand, architectural differences between indigenous
trees and their alien equivalents lead indirectly to
changes in vegetation structure. For example, the
subcanopy vegetation below cone-shaped invasive
Prosopis hybrids in partly invaded woodland differs
from that below the relatively spreading canopies of
native Acacia trees (Milton et al. 2007). This
difference cannot be explained by differences in
subcanopy plant performance below Prosopis and
Acacia (Iponga et al. 2010), but is attributed to
minimal use of alien Prosopis by frugivorous birds
and subsequent low rates of dispersal of seeds of
fleshy-fruited plants to Prosopis subcanopy sites
(Dean et al. 2002).
Grass invasions in arid and semi-arid areas are
facilitated by overgrazing and nitrogen enrichment,
and positively reinforced by their tendency to
increase flammability or shorten fire cycle intervals
(D’Antonio and Vitousek 1992). This problem is
widespread where annual Bromus tectorum has
invaded semi-arid rangelands in the southern USA.
Grass invasions in southern Africa are less common
and more recent. However, over the past decade
Pennisetum setaceum has become common along
roadsides and disturbed rocky sites throughout South
Africa, including some very arid environments.
Rahlao et al. (2009) experimentally demonstrated
that dense stands of this grass carry fire even in
normally fire-free, succulent-dominated dwarf shrub-
lands. Few non-fire-adapted species can resprout and
vegetation recovery was entirely dependent upon
dispersal of seed from unburned areas.
As reported for more mesic areas (Mack and
D’Antonio 1998), hydrology and soil stability are
altered by invasions, resulting in changes in river-
bank stability (Fig. 2) and sediment accumulation
(Le Maitre et al. 2007). Replacement of grassy low
shrublands by dense Prosopis spp. changes the
spatial distribution of nutrients in the landscape
(Schlesinger et al. 1990) as well as altering infiltra-
tion and runoff patterns. Dense stands of woody
plants (Eucalyptus spp., Prosopis spp., Tamarix spp.)
that can access groundwater stored in alluvial
deposits can double water extraction rates, particu-
larly when conditions are warm and windy (Le Maitre
2004). This could depress groundwater levels and
aridify soils, making conditions unsuitable for
indigenous trees and shrubs.
Finally, it is possible that invasive alien plants may
cause genetic pollution in closely related indigenous
plant species. Hybridization between indigenous and
invasive alien congenerics has been reported for
animals in arid areas (e.g. Felis domesticus 9
F. sylvestris), but seldom for plants. Despite this,
the frequent introductions of alien species in the
genera Atriplex, Parkinsonia, Pennisetum and
Tamarix make hybridisation highly probable.
Invasive aliens are useful
Most introductions of plants to arid areas have been
intentional and designed to increase the range of
natural resources available to economies based on
ranching of livestock in environments characterised
by extreme heat and cold, high wind speeds, saline
water and sparse, low-growing vegetation. Data
extracted from Henderson (2001) shows that in arid
parts of South Africa 54% of the 101 invasive alien
species are cultivated for utility products or services
such as firewood, fodder, shade and fencing, 34% as
ornamentals and 12% appear to be accidental intro-
ductions. This contrasts with introductions to Europe
where only 12% of 2,024 naturalised plant taxa were
introduced for their agricultural or amenity value,
57% as garden ornamentals and 31% were accidental
(Pyšek et al. 2009).
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Multi-purpose, drought-hardy trees that grew fast,
provided shade in summer, yielded nutritious forage
and could be used for fuel or construction purposes,
were an obvious choice (Fagg and Stewart 1994), and
explain the exchange of Acacia, Prosopis, Rhus,
Robinia, Schinus, and Ziziphus among the continents.
The most successful introductions were those that
could survive livestock browsing (thorny, able to
resprout), while producing nutritious fruits with seeds
designed for dispersal through digestive systems
(Fagg and Stewart 1994). It is for these reasons that
many plant species have naturalised and become
invasive.
Perennial plants that could be established to supply
forage for livestock during drought have been widely
tested, selected and promoted by development and
agricultural agencies (Le Houérou 1994). These
include salt bushes (Atriplex spp.), cactus (Opuntia
ficus-indica) and yuccas (Agave spp.), many of which
have jumped the fence (Matsubelele et al. 2009).
Herbivore-adapted African grasses (Cenchrus cili-
aris, Eragrostis lehmanniana) offered potential for
repairing damage done to arid rangelands by intro-
duced herbivores. Their successful establishment
across vast areas of the USA, Mexico and Australia
has delayed natural succession recovery and depleted
the fauna. Barrier plants, such as Echinopsis spachi-
ana and Opuntia imbricata, introduced to separate
crops from livestock, are spread into natural vegeta-
tion by birds, reducing livestock access to grazing.
Productive phreatic plants introduced to supply
building materials or stabilise river banks (such
as Arundo donax, Populus spp., Eucalyptus spp.,
Tamarix ramosissima) dominate many waterways,
competing with people, livestock and wildlife for
limited surface and ground water (Le Maitre et al.
2000).
Carbon gained is water lost
Data extracted from Henderson (2001) shows that
65% of 101 invasive alien plants in arid parts of
South Africa are associated with watercourses or
wetland habitats where surface or ground water is
accessible to them. All the widespread, high impact
arid zone invaders including Arundo, Eucalyptus,
Nerium, Populus, Schinus and Tamarix species are
associated with surface water or accessible ground
water near perennial or seasonal watercourses.
Access to deeper ground water may result in greater
Fig. 2 a Invasive Pennisetum clandestinum stabilizing the floodplain of an ehemeral river, Pearston, Eastern Cape, South Africa,
b Arundo donax blocks the bed of a perennial river in the Little Karoo, Western Cape, South Africa
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rates of water use than recorded for local species
(Le Maitre2004). For this reason there is a trade-off
between benefits derived from more rapid fixation of
carbon by plantations or invasions of alien plants, and
more rapid depletion of ground water. Pines invading
in Chile, for example, fixed 50% more carbon
(Nosetto et al. 2006), but also used 50% more water
(Little et al. 2009) than native vegetation.
Despite the importance of water in arid ecosystems
to economies and biodiversity, much of the evidence
for water depletion by invasive trees in arid areas is
anecdotal. In Cape Verde Islands for example, it is
reported that after Prosopis invasion ‘‘springs dried
out and formerly permanent streams nowadays only
have flash floods after heavy rainfall in the (Prosopis)
forest areas of Pico da Cruz….’’ (Geesing 2004). In
South Africa, alien plants are considered by South
Africa law (National Water Act) to be ‘‘water users’’
for which land-owners require a water use permit.
Despite legal consequences of invasion, hard data for
water use, particularly in arid areas, are lacking.
Understanding of the hydrological effects of alien
invasion is based on complex models that include
solar radiation, availability of soil moisture at land-
scape and habitat scales, raindrop size, plant size and
plant physiology (Le Maitre 2004). Using such
models, Le Maitre et al. (2000) reported that in arid
South Africa, water use by invasive alien plants
caused a greater reduction in water availability,
expressed as a percentage of mean annual rainfall
(MAR), (17%) than in mesic areas. At landscape
scale, the greatest losses of water to alien plants
(up to 91% MAR) were on the arid Namaqualand
coast (Le Maitre et al. 2000).
Cost-benefit threshold
Government assisted control of ‘‘useful’’ introduced
plants is often rejected because local or short-term
economic benefits for subsistence or commercial
farmers (grazing, shelter, honey, fuel) or small busi-
ness (firewood, crafts), may outweigh the broader-
scale or longer term costs to grazing, ground water and
biodiversity. Unfortunately, as Shackleton et al.
(2007) points out, the benefits derived from invasive
alien plants show threshold behaviour. As invasive
plants increase in density over time, the goods and
services they provide increase and then remain
constant, while the costs in terms of reduced water
and resource diversity continue to increase (Fig. 3),
eventually outweighing the benefits and increasing the
vulnerability of rural communities to stresses such as
extreme weather events and economic downturns.
In the case of Prosopis spp., the economic costs of
invasion are high because invasion is greatest in low-
lying areas where ground water is close to the
surface. These are the areas that provide not only the
best grazing (Harding and Bate, 1991), but also
the most accessible ground water (Le Maitre 2004).
Although clearing of dense stands of Prosopis sp. in
the USA could not be economically justified over the
short term on hydrological grounds alone because it
yielded little additional water to off-site users
(Douglas and Mayeux 1991), there is probably more
justification for labour-intensive clearing of such
invasive species in parts of South Africa where they
reduce water and grazing resources or threaten
biodiversity, and where many people are unemployed
(Koenig 2009).
Special solutions
Alien plants appear to be spreading exponentially in
arid parts of South Africa. Species in three genera
(Prosopis, Tamarix and Arundo) and all the species in
one family (Cactaceae) present major problems to
ecosystem functioning in arid South Africa and other
arid parts of the world (Low 1999; Le Maitre et al.
2002, 2007). Prosopis species and cacti have been
identified as priorities in the arid parts for control in
South Africa (van Wilgen et al. 2008).






Fig. 3 Temporal changes in densities of alien invasive trees
(1) in a rural area and in economic benefits (2) and costs (3)
associated with changes in the tree populations (redrawn from
Shackleton et al. 2007)
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Although global change scenarios predict reduced
rates of spread for some species in the more arid parts
of the country, increasing temperatures and declining
rainfall in mesic regions will presumably expand
distributions of arid zone plant species (Richardson
et al. 2010). For many species, eradication is now
impossible and impact mitigation is the appropriate
goal. Mitigation needs to be tailored for the species,
the environment and socio-economic considerations,
but sustainable solutions will need to include legis-
lation, education, physical and biocontrol, and post
control restoration of native vegetation.
Targeting phreatophytes
Invasive alien phreatophytes, including Tamarix
ramosissima and Arundo donax, are threats to limited
water resources and wetland ecosystems, and both
species have potential to seriously disrupt ecosystem
goods and services, in areas where they occur, by
rapid evapo-transpiration, salinization and impeding
river flow (Zavaleta 2000a; Guthrie 2007; Le Maitre
et al. 2007).
Where funds are limited, phreatophytes should be
prioritised for elimination or control in arid ecosys-
tems. This is because, despite high costs of control,
the high value of water in arid areas, and increasing
demand for water driven by growing populations and
global warming, will make the eradication of alien
plant species in riparian corridors cost effective in the
long term. For example, in the arid western USA
where Tamarix ramosissima invaded large reaches of
most rivers, Zavaleta (2000b) estimated that the
damage caused by water loss and flow disruption by
this species was $ 280–450 per hectare, whereas the
eradication of this invasive and restoration of indig-
enous riparian vegetation would cost about US$
7,400 per hectare. It would take about 17 years to
recover the full costs, after which the social, ecolog-
ical, and economic benefits of restoration would be
available indefinitely to the public.
Preventing imports and range expansions
Legislation in South Africa (Henderson 2001) clas-
sifies all invasive alien plant species according to
their economic and ecological costs and benefits.
Priority invaders with no economic value must be
controlled, whereas those with economic value may
be grown in defined plantations. Lower priority
invaders may not be traded. Although import restric-
tions and regulation of commercial nurseries are
implemented in South Africa, USA and Australia,
their citizens continue to plant invasive species and
illegally import potential new invaders between
continents (Low 1999). In desert gardens in Arizona,
USA, alien plants are strongly preferred over native
species (Walker et al. 2009) and it is likely that
landscaping aesthetics influences plant invasion pat-
terns in South Africa as well. This is despite the high
profile that the state-run Working for Water (WfW)
alien plant clearing project has enjoyed. The WfW
project has employed thousands of people over the
past 15 years to clear alien plants, and has used
posters, radio, television and other media to raise
public awareness of weeds and their impacts on water
and biodiversity. Arguments based on such economic
criteria as pricing of water and other ecosystem
services driven by alien invasions (Zavaleta 2000a;
De Wit et al. 2001; Le Maitre et al. 2002) might be
more convincing but require more data than is
presently available.
Finding alternatives to eradication
For commercially valuable plant species that are also
troublesome invaders, some control method other
than clearing and attempted eradication needs to be
found. Options include biocontrol, or use of hybrid-
isation or genetic engineering to develop sterile
cultivars that can be propagated only cloning. Bio-
control has made some of the worst weeds manage-
able, including Opuntia ficus-indica, which, in 1913,
was South Africa’s first biocontrol target (Annecke
and Moran 1978). Biocontrol of commercially valu-
able plant species, however, needs to be planned with
care so that potential to spread is limited, while the
quality of the products derived from the plant remains
unaffected. There are also invasion risks attached to
biocontrol because organisms such as species specific
fungi that are imported from the native range of the
target species may possibly mutate to use native host
plants (Louda et al. 2003). Although biocontrol
organisms are rigorously tested before release a
long-term risk remains because of the evolving nature
of all life forms. Sterility does not completely prevent
propagation and spread. In some riparian habitats,
specialist trees, grasses and aquatic plants can
3942 S. J. Milton, W. R. J. Dean
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propagate vegetatively after being broken up and
dispersed by floods.
Avoiding IAP-friendly management
In arid areas with low sparse vegetation there is little
shade for travellers on the seemingly endless stretches
of roads between small towns. Roads authorities in
South Africa have tried to address traveller weariness
and heat stress by planting drought-hardy shade trees
at roadside pull-offs. Over the past 60 years alien
trees, particularly Australian Eucalyptus camaldulen-
sis, North American Prosopis spp., and South Amer-
ican Schinus molle, were commonly selected for this
purpose. Seeds from roadside plantings are spread via
animals (Fig. 4a), cars and storm-water culverts into
adjacent rangelands and watercourses where they
become established (Richardson et al. in 2010). An
alternative to the planting of alien trees in treeless
environments is the construction of roadside shelters.
Ranchers often plant a few trees (usually Prosopis
sp. or Schinus molle) near livestock watering areas to
provide stock with respite from the heat. Because of
disturbance by animals and proximity to a year-round
water source, such plantings often initiate landscape
scale tree invasions. Risk of invasion on ranches
could be reduced by planting indigenous phreato-
phytes or constructing shelters for livestock.
Disturbance associated with road maintenance
creates gaps that are readily colonised by alien plants
that benefit both from reduced competition and
additional water and nutrients shed by the hardened
road surface (Gelbard and Belnap 2003; O’Farrell and
Milton 2005; Kalwij et al. 2008). Manual clearing of
natural vegetation from roadsides has become a
widespread practice in arid parts of South Africa over
the past 5 years because it creates employment in
regions with little industry. This practice is justified as
a means of protecting the road surface and improving
visibility, but unfortunately promotes growth of
annual weeds that are generally taller than the stress-
tolerant native plants they replace (Fig. 4b). Like the
planting of invasive trees on roadsides, disturbance is
alien-friendly management practice that should not
be applied where native vegetation does not limit
visibility (Esler and Milton 2006).
Fig. 4 Roadside management practices that facilitate inva-
sions of alien plants. a Prosopis spp. planted at a roadside pull-
off is moved into rangeland by livestock browsing fallen pods,
b Clearing of native vegetation to improve visibility leads to
colonization of disturbed ground by invasive alien annual
plants such as Salsola kali
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Investing in post-clearing rehabilitation
Lack of follow-up control or restoration of arid areas
cleared of invasive alien plants can lead to reinvasion,
secondary invasions, erosion or simply failure of
native vegetation and associated ecosystem services
to return to previously invaded land during timescales
relevant for management. Reasons for this are that
dense stands of invasive alien trees shade out
drought-tolerant grasses and shrubs (Fig. 5). Without
vegetation to modify soil surface temperature and
control water movement across the landscape, root
biomass to hold the soil, or a source of seed, native
perennial vegetation does not return spontaneously
within 5 years after clearing Prosopis sp. (Saayman
and Botha 2007). It is therefore not cost-effective
simply to clear an arid region invader and walk away
to leave the land to recover spontaneously.
Depending on the nature of the invasive plant
cleared, re-invasion should be prevented by follow-up
clearing, and recovery facilitated by fencing out
livestock or wildlife that may damage recovering
native vegetation, covering the soil with branches or
mulch to control animal access and hold soil and
moisture, and by reseeding with native pioneer and
perennial grasses and shrubs (Visser et al. 2004).
Substituting indigenous equivalents
Use of locally indigenous plants to provide the services
currently provided by invasive alien plants would
reduce future invasion problems. There are indigenous,
easily established, drought hardy, long-lived perenni-
als that, supply forage, firewood, shade and building
materials or hold soil in damaged environments. Until
recently, surprisingly little research has been carried
out on the commercial development of indigenous arid
zone plants for firewood, browse, drought fodder or
soil stabilization. In the past 5 years the experimental
use of Portulacaria afra for soil stabilization, carbon
sequestration and revegetation (Mills and Cowling
2006) has proven so successful that its reestablishment
on overgrazed areas is now the subject of a state-funded
restoration and job-creation initiative.
Other locally indigenous, easily established,
drought hardy, long-lived perennials have potential
to hold soil, act as windbreaks and shade trees, supply
forage, firewood and building materials, possibly
Fig. 5 Dense invasions of alien trees such as Prosopis sp. appear to out-compete native perennial grasses and small shrubs for light
and water (a). Clearing of such thickets exposes soil to erosion and extreme temperatures (b) delaying vegetation recovery
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with less cost to water resources than invasive alien
species. Examples include Acacia karroo, Dodonaea
angustifolia, Manochlamys albicans and various
pioneer grasses, shrubs and succulents. Their use is
unlikely to be adopted before field trials can show
that they are cost efficient.
Locally indigenous plants should be selected as
alternatives for invasive alien plants because extra-
limital but nationally indigenous species have
potential to hybridise with locally indigenous species
or ecotypes, or even to become invasive. For
example, the fast-growing phreatophyte Rhus pendu-
lina is naturally restricted to the course of the Orange
River in South Africa but is now widely used for
landscaping and roadside planting. Outside its natural
range it escapes cultivation, is dispersed along
artificial and natural waterways, and appears to be
hybridising with a slower-growing, longer-lived rel-
ative Rhus lancea with unknown ecological and
economic consequences.
Accepting change
The alternative to controlling alien invasive species
and using indigenous alternatives is acceptance of
change in our natural environments. As a result of
human facilitated dispersal and disturbance, novel
ecosystems are developing that contain assemblages of
plant and animal species brought together from around
the world (Milton 2003; Hobbs et al. 2006). The
species-rich deserts of southern Africa have changed
during a single human generation. In arid areas such
changes will have high costs measurable in lost water
and grazing resources (Zavaleta 2000a; De Wit et al.
2001; Le Maitre et al. 2002), and ecological costs that
include losses of species and unique landscapes that
give citizens a sense of place. The composition and
carrying capacity of future ecosystems for human
beings and all other species will depend on how people
manage them, and this in turn will depend on the values
placed on invasive alien plants and on ecosystems
services by land users and governments, values that
can be shifted by both political and climate change
(Fig. 6). As Australian Tim Low says ‘‘this is the
challenge of our feral future’’ (Low 1999).
Conclusions
The special problems that invasive alien plants pose
in arid areas worldwide are depletion of ground
water, changes in wetland habitats and reduction of
grazing in key resource areas. There is no simple
solution to these problems and long-term control will
involve a combination of law enforcement, public
education, biocontrol, physical control and develop-
ment of indigenous plants that can provide compa-
rable goods and services.
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Fig. 6 Invasive alien plant
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